
Snapshot; The authors describe a new way 

to design and manufacture laser systems. They discuss the concept underlying microchip lasers 

and how these lasers differ from conventional lasers. Several key applications are also covered. 

MICROCHIP LASERS AND LASER ARRAYS: 
TECHNOLOGY AND APPLICATIONS 
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. . . microchip 
laser array 
technology 
represents a 
new way to 
design and 
manufacture 
laser systems. 

Microchip lasers are small, 
robust, compact, high 
performance, diode-
pumped, solid-state 
lasers that can be manu

factured in large volume at low cost. A relatively low-cost 
diode laser is used as an excitation source to pump a solid-
state laser "chip" of approximately 1-3 mm3 in size to con
vert the poor spatial and spectral mode output of the diode 
laser into a spectrally and spatially pure, low noise beam at 
a longer wavelength. For typical Nd-doped 
laser materials such as YAG, the pump 
diode laser wavelength is ~809 nm while 
the most common output wavelengths are 
1064 and 1319 nm. The improved output 
characteristics of microchip lasers allow 
numerous applications not possible with 
conventional lasers. The microchip laser 
can be considered the second example of a 
low-cost, volume-manufacturable laser 
(the first example is the semiconductor 
diode laser.) 

The microchip laser concept was 
developed at MIT Lincoln Laboratory 
with Ballistic Missile Defense 
Organization and other Department of 
Defense funding during the mid-
1980s.1 The goal of these programs was to develop low-
cost, shock-hardened devices that could be used for 
precision guidance applications. Since then, a broad 
range of commercial uses for these lasers has been iden
tified. This technology was subsequently transferred to 
private industry and is now an example of defense tech
nology conversion. 

The microchip concept involves the use of semicon
ductor packaging technology. Simple microchip lasers 
are fabricated by polishing wafers of solid-state gain 
material so they are flat and parallel and then coating 
them with dielectric mirrors. These wafers are subse
quently cut apart using a standard semiconductor dicing 

saw. Figure 1 shows several microchip laser crystals of 
less than 1 mm3 together with a Nd:YAG laser boule. 
More than 2,000 similar chips can be fabricated from a 
1-in. length of a standard Nd:YAG boule. The same mass 
production techniques used to fabricate wafers of elec
tro-optic or nonlinear materials can be used in compos
ite cavity microchip lasers. Figure 2 shows a frequency-
doubled, composite cavity microchip laser that produces 
more than 30 mW cw at 532 nm. The laser is housed in 
a standard, 14-pin semiconductor diode laser package. 

Two-dimensional arrays of 
microchip lasers are obtained by dicing 
the wafers into larger squares and using 
two-dimensional diode laser pump 
arrays.2 The brightness of microchip 
laser arrays can be greater than high 
power (2-3 kW cw, multimode) indus
trial Nd:YAG lasers. Microchip laser 
arrays have the advantage of lower pro
duction costs and nearly unlimited 
power scaling with constant brightness. 

The concept of optically pumped 
small "platelet" solid-state lasers is not 
new, and examples of such work go 
back 3 - 5 to the late 1960s and early 
1970s. The departure of the microchip 
laser from this early work relies on some 

fortuitous characteristics of materials, such as Nd:YAG, 
as well as some simple laser physics. For materials such 
as YAG, dn/dT (the change in index of refraction with 
temperature) is positive, and a thermally induced lens 
occurs from the heat provided by the pump laser beam. 
The thermal lens has the effect of stabiliz
ing what would have been a marginally 
stable (flat-flat) resonator. For a wafer that 
has flat and parallel mirror surfaces, a sta
ble resonator can be formed at any point 
where the pump light is concentrated. 
This phenomenon provides for an "auto-
stabilized" resonator that conforms to the 
pump beam, allowing for very simple fab
rication and alignment during the manu
facturing process. 

Figure 2 (left): An example of a frequency doubled, composite 
cavity microchip laser producing >30 mW cw at 532 nm housed 
in a standard, 14-pin semiconductor diode laser package. 

Figure 1. Several microchip 
laser crystals of less than 

1 mm 3 together with a 
Nd:YAG laser boule. 
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In addition, the radius of the laser mode that is gen
erated is generally larger than the radius of the pump 
beam; this leads to single transverse mode (TEM0 0) 
operation. As the pump laser power increases, the 
TEM 0 0 mode diameter decreases and can be made to 
ultimately match the diameter of the pump region. The 
fact that the mode volume of the microchip laser can be 
made to conform to the spatial volume of the pump 
laser radiation contrasts to conventional lasers in which 
the pump light is specifically focused into a mode vol
ume already established by the mirrors and cavity 
length. 

An additional advantage of the auto-stabilized 
microchip laser mode is that the output laser beam 
always remains orthogonal to the planar output face of 
the microchip irrespective of the position or angle of 
the incident pump beam. This provides for simple 
pump alignment. Also, if the microchip laser beam is 
brought to a focus using a lens, the position of the focus 
is minimally changed for any motion between the 
pump beam and the microchip crystal. This property 
sets microchip lasers apart from other solid-state laser 
cavities and provides for particularly robust coupling of 
microchip lasers to optical fibers (which is important 
for fiber optic communication applications). 

Microchip lasers can operate in a single longitudinal 
mode when the cavity is made short enough so that only 
one axial mode appears with-in the net gain bandwidth. 
Most solid-state 
lasers operate in a 
single longitudinal 
mode just above 
t h r e s h o l d . 
Microchip lasers 
can be tuned con
tinuously (without 
mode hops) using 
temperature , 
stress, 6 pump-
diode modula
tion,7 electro-optic 
modulation, and 
deformable silicon 
nitride mirrors. 

The short cavi
ty of the micro
chip laser gener
ates pulses that are 
much shorter than 
ordinary solid-state lasers. Be-cause the cavity transit 
times are typically picoseconds, it is possible to generate 
pulse widths on the order of tens of picoseconds by Q-
switching the microchip laser. Q-switching of 
microchip lasers has been accomplished by bonding 
either an electro-optic or saturable absorber medium to 
Nd:YAG or Nd:VO4 microchips to form a composite 
cavity. The very high intensities produced from such 
pulsed microchip lasers are sufficient for efficient non
linear frequency conversion without intermediate 
focusing optics. Q-switched microchip lasers8 have 
been demonstrated with output pulse widths as short as 

115 psecs and gain switched devices have produced 80 
psecs outputs.9 Transform limited pulses of <10 psecs 
(determined by the gain bandwidth of the material) 
should be possible. 

High-speed FM modulation has also been demon
strated in composite cavity microchip lasers.10 Bonding 
of Nd:YAG to LiTaO3 produces an electro-optically tun
able microchip laser. Tuning rates of 1 GHz have been 
demonstrated, but rates of tens of gigahertz should be 
possible. Such devices are useful for high resolution laser 
radar applications as well as fiber optic communications. 

The fabrication of two-dimensional arrays of 
microchip lasers allows the possibility of scaling the 
output power to high levels while still maintaining 
many of the unique operating characteristics of indi
vidual microchip devices. Figure 3 schematically illus
trates the microchip array concept. All beams from a 
two-dimensional array travel in the same direction with 
a pointing precision better than 1/20th of the diffrac
tion limited beam angle of a single beam. In the far 
field of the microchip laser array output, all of the 
beams overlap to form a single spherically symmetric 
spot. Using a simple spherical lens, a single spot in the 
transform plane can be produced with power densities 
more than sufficient for many material processing 
applications such as cutting, drilling, heat treating, and 
welding. Speckle is absent due to the lack of coherence 
between individual array elements; this is a useful and 

unique attribute 
of microchip 
laser arrays. 

A 10 kW aver
age power micro
chip laser array 
would have a 
laser head volume 
of less than 
1 L and a power 
supply the size of 
an average suit
case. Because 
many of the indi
vidual elements 
of the array can 
be operated inde
pendently includ
ing the power 
supplies that 
drive them, a very 

high degree of reliability can be achieved for in-dustrial 
applications. In addition, the entire array may be her
metically sealed to protect it in harsh environments. 
Using present commercial diode laser array technology, 
it may be possible to generate more than 25 W of aver
age power per square centimeter or 100 mJ of pulsed 
energy. 

A desirable feature of high power microchip laser 
arrays is that the cost of development is primarily the 
cost of demonstrating a single array. Power scaling is 
obtained by combining several arrays. Thus, microchip 
laser array technology represents a new way to design 

Figure 3. The microchip array concept. Two-dimensional arrays of microchip lasers are 
obtained by dicing the wafers into larger squares and using two-dimensional diode laser 
pump arrays. Power scaling is obtained by combining several arrays. 
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and manufacture laser systems. Future microchip laser 
materials will include diode laser pumped vertical cavi
ty semiconductor lasers and will provide a significantly 
broader range of operating wavelengths with additional 
advantages over solid-state laser materials. 

Applications of microchip lasers 
While microchip lasers may be used much like conven
tional lasers, their unique characteristics allow them to 
perform functions beyond those of standard lasers. 
Some of these novel and potential applications are 
described below. 

Commercial microchip lasers are presently being 
produced for cable TV applications with output 
powers of ~200 mW cw in a single mode fiber at 1.3 
µm. Such power levels greatly exceed those of diode 
lasers presently used for similar applications. The 
relative intensity noise of such a microchip laser is 
<-165 dB/Hz (at frequencies >10 MHz). 
Electronic beam steering may be accomplished using 
an individually addressable Q-switched microchip 
laser array. The parallel output beams from the array 
can be directed through a negative lens to illuminate 
a target region with an array of spots. Such an array 
could also be used for high speed printing and opti
cal recording. 
A similar addressable array could be used for high 
intensity projection display using the frequency dou
bled output from the 946, 1064, and 1319 nm lines 
of Nd:YAG to produce blue, green, and red, respec
tively. In an alternate scheme, the output of the 
entire array could be scanned; the primary advan
tage that this would have over conventional lasers is 
a significant reduction in speckle resulting from the 
overlap of incoherent array elements. 
Two-dimensional spatial control (by turning groups 
of elements on or off) of microchip laser arrays may 
be used for high-speed, precision materials process
ing applications such as welding and cutting. 
Computer control of the pulse length (nanoseconds 
to hundreds of microseconds) from the array could 
allow specific spatial deposition of energy as well as 
control of the time rate of deposition of energy to 
optimize cutting or welding processes. 
Integration of microchip laser technology with other 
hybrid devices on a single chip carrier is also possible 
due to the microchip laser's inherently small size. 
This allows one to explore a wide range of hybrid 
photonic subsystems. One example would be to 
combine a microchip laser with a modulator (such 
as a LiNbO3 Mach Zehnder) on a single substrate for 
communication applications. 

Into the future 
Today there are numerous research and development activ
ities under way on microchip laser technology at a variety 
of laboratories throughout the world. Not all of this work 
has been referenced here due to lack of space. The 
microchip laser represents a technology that uses hybrid 
packaging and fabrication technology to manufacture low-
cost photonic components. Such technology complements 

the more costly integrated optics approach and will lead to 
new and exciting developments in the field. 
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